Accelerated aging and higher co-morbidity prevalence have increased non-antiretroviral (ARV) medications for HIV patients. We examined, over a 12 month period, non-ARV medication burden among HIV-positive patients 18-49 and ≥50 years using a comprehensive U.S. healthcare claims database in an age-and-gender matched analysis (1:3 matching ratio of cases to controls). Primary outcomes of interest included the median and mean number of unique non-ARV drug substances during the one month period with the highest number of prescriptions filled for each individual, and the mean number of unique classes of medication. We identified 9,510 HIV-positive patients aged ≥50 years and 28,530 controls; 15,737 HIV-positive patients aged 18-49 years and 47,211 controls. Sixty percent of HIV-positive patients aged 18-49 years had ≥1 co-morbidities versus 40% of controls; 82% of HIV-positive patients aged ≥50 years had ≥1 co-morbidities versus 66% of controls. Among patients aged 18-49 years, cases were prescribed 5.3 (±4.2) classes of drugs over 12 months; controls were prescribed 4.2 (±3.4) (p<0.0001). Cases were prescribed a median of 4 [interquartile range (IQR): 2-7] unique drugs, controls 3 (IQR: 2-6). Thirty-two percent of cases were prescribed >5 drugs versus 19% of controls. Among patients aged ≥50 years, cases were prescribed 7.2 (±5.3) drug classes versus controls [5.6 (±4.4); p<0.0001]. Cases were prescribed a median of 6 (IQR: 3-10) drugs, controls 4 (IQR: 2-8). Fifty percent of cases were prescribed >5 medications versus 32% of controls. Overall, HIVpositive patients were more likely to have ≥1 co-morbidities and be prescribed significantly higher numbers of non-ARV unique drugs and drug classes compared to HIV-negative controls.
Introduction

Non-ARV Prescriptions and Medication Burden among Commercially Insured U.S. HIV Patients
In HIV management, it has been established that high pill burden and treatment regimen complexity can contribute to adherence problems and lead to poor health outcomes [6, 7] . In an analysis of a U.S. health insurance database, it was reported that HIV patients on an antiretroviral therapy (ART) regimen of a single pill a day were more likely to be adherent and less likely to be hospitalized compared with those patients on three or more pills a day [8] . Fixed dose combination drug therapies, while being cost-effective [9] , have also helped reduce the number of HIV medications taken daily by HIV-positive patients, thus improving adherence [8] . However, the aging of the HIV-positive population and the increasing prevalence of co-morbidities have resulted in higher non-antiretroviral (ARV) medication burden for this population, as evidenced by several studies. Data from a case-control study in Italy, for instance, indicate that HIV-infected patients, compared to the general population, have a significantly higher risk of acquiring non-infectious co-morbidities, particularly at younger ages [10] . HIV-infected patients were also more likely to have at least two or more co-morbidities [10] , implying that HIV-infected patients are thus more prone to be on other medication apart from ARVs. A Canadian study reported that 83% of its HIV-positive participants were taking both ARVs and non-ARVs, and that
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ARVs comprised of less than 50% of the total pill burden for these patients [11] . As well, a study conducted among Swiss HIV patients found that 68% of them took at least one co-medication, and among those taking co-medications, 37% took three or more. Polypharmacy has been found to be more frequent in older patients and in females [12] . In another study, 134 HIV patients were taking over 1,500 active medications (mean: 11.5 medications per patient), and only 30% of them were ARVs or for HIV-related opportunistic infections [13] .
The primary goal of this analysis was to characterize and compare the distribution of selected non-ARV prescriptions and all non-ARV medication burden among HIV-positive and negative patients 50 years and older, as well as among HIV-positive and negative patients aged 18-49 years over a 12 month period. For each of the four patient sub-groups, the specific objectives included the following: (1) describing the distribution of select demographic and clinical factors; (2) determining the top 25 non-ARV prescription drugs most frequently used over a period of 12 months; (3) determining the top 25 classes of drugs most frequently used, and the proportion of each population using select classes of drugs; (4) estimating and comparing the means and medians of the total number of unique non-ARV drug substances (both generic and branded), and the total number of unique classes of medication during the observation period among patients 50 years and older, as well as among patients 18-49 years; and (5) estimating the proportion of patients from each subgroup taking multiple prescription non-ARV unique drug substances over the observation period. Additionally, we also examine the relationship between non-ARV medication burden and co-morbidities among HIV-infected patients.
The Clinformatics™ DataMart Multiplan (IMPACT) database, a product of OptumInsight Life Sciences, Inc., and a comprehensive, de-identified U.S. healthcare claims database consisting of over 116 million unique patient records, was analyzed. Approximately 76% of all patients in the database have both medical and pharmacy benefits and, on average, 31 months of enrollment/claims information; the annual attrition rate is roughly 15-25%. The data are collected from at least 46 different healthcare plans serving members across nine census regions. Clinformatics™ DataMart Multiplan (IMPACT), a product of OptumInsight Life Sciences, Inc. (aka IHCIS) is a certified HIPAA compliant resource that is consistent with 45 C.F.R. § 164.514 (b) (1). These are de-indentified data and hence do not require IRB approval or patient consent.
All outpatients with full pharmacy benefits, a diagnosis of HIV [International Classification of Diseases, 9 th Revision, Clinical Modification (ICD-9-CM) codes 042 (AIDS) or V08 (asymptomatic HIV)] in their medical history, and who were continuously enrolled for at least 12 months were included in the analysis. Outpatients with an enrollment gap of greater than one day were excluded from the analysis. Additionally, HIV-positive patients had to have been diagnosed prior to the start of the observation period (that is, prior to April 1, 2012). All HIV-positive patients who met this criterion were included in the analysis. Non-ARV medications and classes of drugs were identified using the National Drug Codes (NDC). The study utilized a matched design, focusing on exact matching for gender and frequency matching for age without replacement in a ratio of 1:3 (cases: controls). All patients aged 80 years and older were assigned an age of 80 years. Over a 12-month observational period (April 1, 2012 to March 31, 2013), data for HIV-positive patients 50 years and older were compared to that for age-and-gender matched HIV-negative patients, while data for HIV-positive patients 18-49 years were compared to that for age-and-gender matched HIV-negative patients. A 1:3 matching ratio of cases to controls was selected for increased statistical power.
Materials and Methods
For the selection of HIV cases, the following criteria were used: all cases had to be first diagnosed with HIV prior to April 1, 2012. All cases had to have continuous eligibility (with pharmacy benefits) between April 1, 2012-March 31, 2013. Breaks in eligibility of less than one month were considered continuous. All cases also had to be at least 18 years of age as at April 1, 2012 . For the selection of HIV controls, the following criteria were used: all controls had to be free from a diagnosis of HIV over all time. All controls had to have continuous eligibility (with pharmacy benefits) between April 1, 2012-March 31, 2013. Breaks in eligibility of less than one month were considered continuous. All controls had to be at least 18 years of age as at April 1, 2012. For each patient subgroup, baseline and demographic characteristics were tabulated. These included the following covariates: gender and age (matching factors); presence of co-morbidity/co-infection; any ARV use; availability of laboratory values; CD4+ T-cell count/ml (for HIV-positive patients only); and viral load/ml (for HIV-positive patients only). Cut-off points for CD4+ T-cell counts were selected according to the World Health Organization (WHO) criteria for stages of HIV disease, which defines severe HIV-associated immunodeficiency as CD4+ T-counts <200/ml; advanced HIV-associated immunodeficiency as CD4+ T-cell counts 200-<350/ml; mild HIV-associated immunodeficiency as CD4+ T-cell counts 350-<500/ml; and no significant HIVassociated immunodeficiency as CD4+ T-cell counts >500/ml [14] . Cut-off points for viral load/ml were selected based on prior published work in HIV [15] . The distributions of the top 10 non-ARV prescription drugs and classes of drugs most frequently used were obtained, as well as the frequency of distribution for select classes of drugs. For drug class, the Universal System of Classification (USC) level 4 was used. The primary outcomes of interest were the median and mean number of unique non-ARV drug substances (both generic and branded) during the one month period with the highest number of prescriptions filled for each individual, and the mean number of unique classes of medication. To compare the mean medication burden among patient subgroups (that is, comparison between HIV positive and negative patients 50 years and older, and then comparison between HIV positive and negative patients aged 18 to 49 years), the distributions of the various populations were first determined. Based on the non-normal distributions obtained, the Wilcoxon-Mann-Whitney test was used to estimate p-values to determine if the means were significantly different among the various patient subgroups.
A total of 9,510 HIV positive patients aged 50 years and older met the inclusion criteria, and were matched to 28,530 HIV negative patients 50 years and older. Additionally, a total of 15,737 HIV positive patients aged 18-49 years were identified, and were matched to 47,211 HIV-negative patients aged 18-49 years. Demographic and clinical data for HIV-positive patients 50 years and older were compared to that for HIV-negative patients 50 years and older, while data for HIV-positive patients aged 18-49 years were compared to that for HIV-negative patients aged 18-49 years (Table 1) . Among HIV-positive patients 50 years and older, 82% had at least one co-morbid condition, compared with 66% of controls. Among HIV-positive patients aged 18 to 49 years, 60% had at least one co-morbid condition compared with 40% of HIV-negative younger patients who had at least one co-morbid condition (Figure 1 ). Among the four groups, HIV-negative patients aged 18 to 49 years had the lowest proportions of co-morbidities/co-infections.
Results
Characteristic
Volume 2 | Issue 4 Over the 12-month observation period, the most commonly used unique non-ARV prescription drugs among the four patient subgroups were: acetaminophen among HIV patients 50 years and older, and oxycodone among controls; azithromycin among HIV patients 18 to 49 years, and acetaminophen among controls ( Table 2 ). The 3-hydroxy-3-methylglutaryl-coenzyme (HMGCoA) reductase inhibitors (32%) were the most frequently prescribed non-ARV drug class among both HIV patients 50 years and older (32%) and matched controls (27%); among both HIV patients 18-49 years and controls, codeine and combination, noninjectable (codeine & comb, non-inj) was the most frequently prescribed non-ARV drug class (22% and 17%, respectively) ( Table  3) . Among the older patient subgroups, higher proportions of HIV-positive patients, as compared to matched HIV-negative controls, used statins (32% vs. 27%), pain medication (27% vs. 21%), anti-diabetes medications (11% vs. 10%), selective serotonin reuptake inhibitors (SSRIs) (12% vs. 8%), and phosphodiesterase type 4 (PDE4) inhibitors (10% vs. 6%) (Figure 2 ). The use of antihypertensives and anti-hepatitis C drugs was uncommon in both groups of older patients. Among the younger patient subgroups, higher propotions of HIV-positive patients, as compared to matched controls, used statins (10% vs. 8%), pain medication (22% vs. 17%), SSRIs (10% vs. 7%), and PDE4 inhibitors (5% vs. 2%). Approximately 4% of both HIV-positive and HIV-negative patients aged 18-49 years had used anti-diabetes medications. Additionally, the use of anti-hypertensives and anti-hepatitis C medications was uncommon in both subgroups. 
Discussion
This matched analysis examined the distribution of non-ARV prescriptions and non-ARV medication burden among HIV-positive patients, compared to HIV-negative patients. While much of the literature in this area is focused on HIV-positive patients 50 years and older, this study compares HIV-positive and negative patients aged 18-49 years, as well as those 50 years and older. As well, patients in this study are also age-and-gender matched which allows for a more effective comparison than other unmatched studies. Overall, greater than 80% of HIV-positive patients 50 years and older, and more than 60% of HIV-positive patients 18-49 years had at least one co-morbid condition, both of which were higher compared with their HIV-negative counterparts. Similarly, in a retrospective analysis of HIV-positive patients 50 years and older reported that greater than 88% of the study participants had at least one co-morbidity, with hepatitis C virus co-infection, hypertension and psychiatric disorders being the most frequent co-morbidities found [16] . In a New York City study of HIV-positive patients aged 55 years and older, 89% had at least one comorbidity, with hypertension, chronic airway disease and diabetes being the three most frequently reported conditions [17] . A third study reported that 92% of patients at an urban HIV clinic had at least one co-morbidity chart-documented, with hepatitis C, pulmonary disease, high blood pressure and high cholesterol being the most frequently reported conditions [18] .
Both groups of HIV-positive patients in this study had more co-morbidities/co-infections as compared with their HIV-negative controls. Study results also indicated a positive linear relationship between the number of reported co-morbidities/co-infections and the proportion of patients with at least one non-ARV drug prescription, although this tapers off among patients with greater than 3 co-morbidities/co-infections. Fewer HIV-negative controls, compared with HIV-positive patients, were prescribed one or more non-ARV medication; of all 4 groups, the group with the lowest proportion of multiple non-ARV prescriptions was HIVnegative patients aged 18-49 years. In published literature, a study of HIV-infected and uninfected veterans found similar results, reporting that not only did HIV-infected patients have a higher risk of liver disease, renal disease and substance use disorder, but they were also at a higher risk of multi-morbidity, also known as polypathology, as compared to their uninfected counterparts [19] .
HIV-positive patients 50 years and older were also prescribed a significantly higher number of non-ARV drug classes, and were also more likely to be prescribed over 5 non-ARV medications, compared to HIV-negative patients 50 years and older. Other studies have shown that this is a common occurrence among older HIV-positive patients. For instance, in their study of HIV-positive individuals over 70 years of age in Catalonia, Spain, Mothe et al. (2009) reported high rates of non-ARV-related medication in this patient population, as well as high rates of dyslipidemia, hypertension, diabetes, cardiovascular events, renal function impairment, and suggested that older HIV patients are more likely to benefit from a comprehensive geriatric approach to treatment [20] . A similar pattern of non-ARV medication use was observed among younger HIV-infected patients in our study. Among patients aged 18 to 49 years, HIV-positive patients were also prescribed a significantly higher number of non-ARV medications, as well as a higher number of drug classes compared to HIV-negative patients in the same age group. Younger HIV-positive patients were also more likely to have been prescribed over 5 non-ARV medications over the 12-month observation period, compared with younger HIV-negative patients.
A review of literature revealed that the mean or median number of non-ARV medications (includes over-the-counter drugs and prescriptions) used by HIV patients in general ranges from 1.1 to 4.2 [17, [20] [21] [22] [23] [24] . In this study, among HIV patients 18-49 years, a median number of 4 non-ARV medications were prescribed over the 12-month observation period, while a median of 6 non-ARV medications were prescribed for those HIV patients 50 years and older. Since older HIV patients have a higher prevalence of co-morbidities compared with younger patients [12] , it was not surprising that a larger number of non-ARV medications were taken by the 50 years and older group. However, these figures are generally higher than those reported in previous work and do not include over-the-counter drugs. Part of the reason for this difference may be due to the fact that we focused on physiciandocumented prescriptions. Some studies rely heavily on self-reported drug use, which could result in underestimations of non-ARV medications due to lack of remembrance or embarrassment (recall bias). In this study, but unlike in some previous studies, the mean and median numbers of non-ARV medications were estimated during the one month period with the highest number of prescriptions filled for each patient. This may have also contributed to the higher numbers. Using a privately-insured population may also increase numbers as health care access is less of an issue than in the general population.
Polypharmacy in HIV-positive patients, as described in this study, may result multiple issues, ranging from overall poor drug adherence, to potential drug-drug interactions that may reduce the effectiveness of an HIV regimen [12] . Polypharmacy may also increase the risk of dementia and delirium, as well as increase patients' exposure to potentially harmful medications [25] . In a recent study, polypharmacy was linked to an increased risk of all-cause mortality: in adjusted analysis, the risk of mortality increased by 5% among those patients on more than five medications [26] . The increase in co-morbidities/co-infections seen in this population is a major contributing factor to polypharmacy.
According to several studies that reported the frequency of various classes of non-ARV prescription drugs, the most commonly prescribed non-ARVs among HIV patients are cardiovascular drugs, including lipid-lowering drugs, statins, drugs of the central nervous system, and anti-hypertensive drugs [12, 20] . Similarly in this study, among older HIV patients and controls, HMG-CoA reductase inhibitors were the most commonly prescribed non-ARV drug classes. However in the younger study population, for both cases and controls, the most commonly prescribed non-ARV drug class was codeine & comb, non-inj.
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There are several limitations associated with this study. Due to the nature of the insurance claims database used, study participants are not necessarily representative of the HIV-infected and uninfected population in the USA. Only those individuals with health insurance are captured. Secondly, we were unable to look at the medication burden of over-the-counter drugs and other alternative non-prescription drugs as this information was also not captured in the database. It is also possible that HIV-negative controls may have yet undiagnosed HIV; however for the 12-month observation period, ICD-9 codes were used to distinguish between patients with a current HIV diagnoses and those without a current HIV diagnoses to ensure that controls were free of an HIV diagnoses over the study period. No adjudication of medication was conducted; however as the primary outcome of interest was the mean medication burden, rather than the medications themselves, this had a limited impact on study results. Additionally, the results of this study are based on a descriptive analysis; however participants were age-and-gender matched to prevent confounding by these variables, as they can influence the presence and type of co-morbidities experienced.
Conclusion
This study identified a large number of co-morbidities and polypharmacy in HIV-positive patients. In the past, to improve adherence, major efforts were made to reduce HIV medication burden from several pills a day to one daily pill. In comparison, non-ARV prescription medication burden has not been as well studied. This study suggests that non-ARV medication in the HIV population may be high, especially among HIV patients aged 50 years and older, and also among those HIV patients who have multiple co-morbidities/co-infections. A high non-ARV medication burden may suggest that reducing HIV medication burden alone is not enough to improve adherence to HIV medication. Further research is recommended to establish risk factors associated with high non-ARV prescription medication burden and its influence on antiretroviral therapy adherence. This study was unable to evaluate the influence of over-the-counter medication burden due to the nature of the dataset and further research in this area is also recommended.
